The phytoplankton depth-integrated biomass or population P (g m −2 ) is given by the 3 vertical integral of concentration C (g m −3 ) over depth from the surface to the mixed 4 layer depth
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which reduces to the term CH assuming a homogenous mixed layer. Since the 6 plankton population can either change due to net growth/loss or 7 entrainment/detrainment, the rate of change of phytoplankton population in the mixed 8 layer can be written as
The first term on the RHS represents the change in phytoplankton population 10 within the mixed layer due to a change in concentration caused by a net biological change of plankton population may be written as 
Here P i is the initial phytoplankton population, P t is the phytoplankton population 34 at time t and H t is the mixed layer depth at time t. Thus, the fraction of initial 35 plankton population that remains in the mixed layer ( f r) at time t can be written as
During the fall and winter months when the mixed layer depth is increasing
, it is often assumed that particles that sink below the deepening mixed layer 38 are lost from the system. However, when the sinking velocity for a particle size class is 39 less than or equal to the mixed layer deepening rate averaged over some time period 
If we assume that the plankton settling rate 'W s ' is only a function of the cell 48 diameter (cd) and that the other factors that influence it, such as the viscosity (ν), are 49 time invariant, then equation SI5 can be evaluated between months 'i-1' and 'i' as
Here f r i is the fraction of phytoplankton population in month i − 1 that remains in 51 the mixed layer by month i, k i is the rate of change of mixed layer depth between given by the product of the fractions.
where 1 corresponds to the month of October and 6 corresponds to the month of
59
March. Note that our model does not account for increased mortality of phytoplankton 60 cells retained in a deepening mixed layer due to poor light conditions during the winter 61 months.
62
Significance of plankton re-entrainment and net biological 63 growth
64
We can explore further the effect of MLD deepening by incorporating non-zero 65 biological terms in supplementary equation SI2:
The mixed layer average specific growth and loss rates, µ and l, are due to 67 photosynthesis and the sum of zooplankton grazing and phytoplankton mortality, respectively. The sinking term W ef f is as defined in Equation SI3. This can be recast in 69 terms of specific rate of biomass accumulation, r:
where the first RHS term is due to biological growth (r bio ), and the second term is 71 due to sinking and re-entrainment (r sink ). Biological growth and loss rates are typically 72 in approximate balance (i.e., µ ≈ l and, |r bio | |µ| and |r bio | |l|). Note that the loss 73 of biomass from the mixed layer due to sinking phytoplankton would be larger if 
90
The fall-winter evolution of mixed layer influences a number of factors that modulate 91 the size of the end of winter phytoplankton population that seeds the large observed over the fall and winter months, especially compared to the summer months of June and 119 July where it nearly doubles compared to its winter values. Based on this analysis, we 120 think it is reasonable to assume a constant value for Θ and ignore the effects of 121 photoacclimation in our study.
122
Analysis of various factors contributing to stratification changes 123 in the northern Labrador Sea
124
To ensure that Arctic sea ice melt is the primary reason for the projected decrease in 125 wintertime convection in the Labrador Sea, we examined other factors that may also 126 impact MLD ( S3 Fig). First, we considered impacts from dynamical changes induced by 127 surface winds. There is a weak negative trend in Ekman pumping, suggesting that long 128 term changes in surface winds tend to reduce upwelling and deepen the thermocline. 
